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Abstract
The effects of trace addition of Al on the microstructure and mechanical properties of the as-extruded Mg-6Zn-0.5Er alloy were investigated
in the present investigation. The results showed that the trace addition of Al affected the mechanical properties significantly. The elongation of the
extruded alloy was improved markedly from 17 to 25% with the trace addition of Al. It is suggested that the improvement of ductility was mainly
attributed to the modification of basal texture of the as-extruded alloy, resulting from the complete dynamic recrystallization due to the trace
addition of Al. In addition, the existence of the complete dynamic recrystallization led to an obvious increase in the number fraction of high angle
grain boundaries, the average misorientation angle and Schmid factors for the (0001) 1120 slip, which also have contributed to the improvement
of ductility.
© 2016 Production and hosting by Elsevier B.V. on behalf of Chongqing University. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Recently, the development of magnesium alloys used as
structural parts is becoming increasingly attractive due to their
excellent properties such as low density, high-specific strength,
superior damping capacity, etc. [1,2] However, the wider appli-
cations in automobile, aerospace and 3C fields of magnesium
alloys are limited because of the poor ductility at room tem-
perature, which is ascribed to the small number of slip systems
in magnesium. It is well known that the mechanical properties
of magnesium alloys can be distinctly improved via thermo-
mechanical process because of grain refinement and texture
modification [3].
In order to obtain a modified texture, much work including
special deformation techniques has been done; for example,
the equal channel angular process (ECAP) is a representative
method to modify texture [4]. Moreover, some researchers [5,6]
considered that the particle stimulated nucleation (PSN) of
recrystallization could significantly modify the texture. It has
been found that the orientation of recrystallized grains is much
more random than that of deformed grains [7,8], which means
that activating more complete DRX might be an effective way
to obtain weaker texture. As reported in Refs. 9,10, the addition
of Al element into Mg alloy had a significant effect on decrease
of the stacking-fault energies (SFE) of magnesium alloys; that
is, it made the dynamic recrystallization (DRX) of magnesium
alloys occur more easily. Based on these results, it is suggested
that the addition of Al element into magnesium alloys might
have a potential to modify texture due to the more DRX.
In the present investigation, we studied the effects of a trace
addition of Al (0.5 wt. %) on the DRX and the texture modifi-
cation of the hot-extruded Mg-6Zn-0.5Er alloy to understand
the mechanisms responsible for its enhanced mechanical
properties, especially the improved ductility without expense of
strength.
2. Experimental procedures
Alloys with a nominal composition of Mg-6Zn-0.5Er and
Mg-6Zn-0.5Er-0.5Al (mass fraction, %) were prepared from
Mg (purity ≥ 99.9%), Zn (purity ≥ 99.9%), Al (purity ≥ 99.9%)
and Mg-30% Er master alloy in a graphite crucible under the
protection of SF6 + N2 mixture gas in an electric resistance
furnace. The melt was poured into a steel mold with a size of
* Corresponding author. School of Materials and Engineering, Beijing
University of Technology, Beijing 100124, China. Tel.: +86 10 67392917; fax:
+86 10 67392917.
E-mail address: duwb@bjut.edu.cn (W. Du).
http://dx.doi.org/10.1016/j.jma.2016.04.001
2213-9567/© 2016 Production and hosting by Elsevier B.V. on behalf of Chongqing University. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Available online at www.sciencedirect.com
Journal of Magnesium and Alloys 4 (2016) 135–139
www.elsevier.com/journals/journal-of-magnesium-and-alloys/2213-9567
H O S T E D  BY
ScienceDirect
33 mm × 100 mm × 160 mm at 770 °C and cooled down in
air. Ingots were solution heat-treated at 400 °C for 10 h and
quenched into cold water. Finally, the as-solution ingots were
hot extruded at 300 °C under the extrusion speed of 3 mm/s.
The microstructures were observed by an optical microscope
(OM). The textures were examined by scanning electron micro-
scope (SEM) equipped with electron backscatter diffraction
(EBSD). Samples for texture analysis were prepared by electro-
polishing with a solution of 60% methanol, 30% glycerol and
10% nitric acid. The uniaxial tensile tests were carried out by
using a universal testing machine under a constant speed of
1 mm/min at room temperature (RT). Specimens for the tensile
test were machined into a diameter of 5 mm and a gauge length
of 25 mm. Each group of tensile test was conducted three
times, and the values of the mechanical properties shown in the
present paper are the average one of the three experimental
results.
3. Results and discussion
Fig. 1 shows the OM images of as-extruded alloys along the
transverse extrusion direction (a, b) and the longitudinal extru-
sion direction (c, d). As shown in Fig. 1, the dynamic recrys-
tallization (DRX) took place when the samples were subjected
to hot extrusion. The grain size was refined to about several
microns due to DRX. As shown in Fig. 1 (c), some primary
grains were elongated along the extrusion direction, indicating
that the DRX took place incompletely in the case of the Al-free
alloy, whereas the elongated grains had not been found in Fig. 1
(d), indicating that the (DRX) took place completely and result-
ing in a nearly homogeneous grain structure in the case of
Al-containing alloy. These results suggest that the trace addition
of Al could activate DRX significantly in Mg-6Zn-0.5Er alloy.
Fig. 2 shows the inverse pole figure (IPF) maps of the
as-extruded Al-free and Al-containing alloys, taken parallel to
the extrusion direction obtained by using EBSD. In the maps,
the red color stood for the (0002) basal plane, and the blue color
represented the plane lying 90° away from (0002) plane. It
indicates that the two as-extruded alloys are mainly composed
of grains exhibiting their (0002) basal planes. The color distri-
bution in the IPF maps (Fig. 2a and b) shows some differences
in the orientation of grains in the Al-free and Al-containing
samples. The Al-free alloy has more red color than the
Al-containing alloy, which indicates that more grains with the
(0002) basal orientation existed in the Al-free alloy. It can also
be found that the deformed grains existed in the as-extruded
Al-free alloy and the DRX progress was not complete, while
the as-extruded Al-containing alloy included a nearly uniform
grain structure which could be considered as an equiaxial grain,
implying that DRX has fully occurred during the extrusion
process.
The reason responsible for the complete DRX in
Al-containing alloy is suggested to its lower stacking fault ener-
gies (SFE). As reported in Refs. 9,10, the addition of Al element
into magnesium alloys could decrease the stacking-fault energies
effectively. The EDS has been used to analyze the element
content in α-Mg matrix of the as-solution Al-containing alloys.
Results demonstrated that the α-Mg matrix of Al-containing
alloy contained nearly 0.47 wt% Al, supporting that the
Al-containing alloy may have a lower SFE. Therefore, it is con-
firmed that the trace addition of Al has a significant effect on
reducing SFE and resulting in complete DRX.
Texture evolution before and after trace addition of Al is
illustrated with {0002} and 1010{ } pole figures, as shown in
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Fig. 1. OM images of the as-extruded alloys: Mg-6Zn-0.5Er (a, c); Mg-6Zn-
0.5Er-0.5Al (b, d).
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Fig. 2. Inverse pole figures map of the as-extruded alloys: (a) Mg-6Zn-0.5Er
alloy and (b) Mg-6Zn-0.5Er-0.5Al alloy.
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Fig. 3. It indicates that the two alloys exhibited strong (0002)
basal texture. Specially, theAl-free alloy exhibited a very strong
(0002) 1010 fiber texture. The typical basal fiber texture
meant that the basal plane of the Mg was aligned along the ED
with its 1010 direction parallel to ED with a maximum inten-
sity value of ~6.9. The same texture could be found in the
as-extruded Mg-Zn-Y-Zr alloys universally [11]. A more inter-
esting observation shown in Fig. 3 is that the trace addition of
Al has resulted in the change of texture. The as-extruded
Al-containing alloy had a strong local intensity maximum
approximately 15° away from the ED-axis in the {0002} pole
figure (see Fig. 3b), and the maximum intensity value was 4.7.
Namely, the addition of 0.5 wt% Al into the Mg-6Zn-0.5Er
alloy led to a decrease of the maximum intensity value of
texture. In addition, the texture of recrystallized grains was
different from that of the deformed grains in Mg alloys. The
texture of the recrystallized grains is much more random than
that of the deformed grains. Based on these results, the texture
weakening in the case of the Al-containing alloy is attributed to
the modification of the complete DRX caused by the trace
addition of Al in the present investigation.
It is worth mentioning that the mechanism of modifying
texture via trace addition of Al is obviously different from that
caused by trace addition of RE or Ca. Stanford [12] has found
that the texture could be modified by the RE elements via a
strong solute interaction with the dislocation and grain bound-
aries in the magnesium alloys. Besides, another mechanism of
modifying texture caused by RE elements could be attributed to
the PSN simulated recrystallization [6]. Furthermore, the same
mechanism of modifying texture had been found in the
Ca-containing magnesium alloys. Zhang et al. [13] had studied
the effect of Ca on the texture of hot-extruded Mg-Zn-Ca
alloys, and they had a conclusion that the modifying texture
resulted from the PSN mechanism and the constraints of
particle on the growth of dynamic recrystallization grains. The
mechanism of modifying texture in this study is attributed to
the complete DRX via reducing SFE because of the trace addi-
tion of Al.
So as to clearly understand the micro-texture, the fraction of
boundaries as a function of the misorientation angle for adja-
cent grains is studied. The normalized misorientation distribu-
tion histograms of the as-extruded Al-free and Al-containing
alloys are shown in Fig. 4. Their misorientation angles are also
listed in Table 1. Fig. 4(a) shows that there was a peak at ~30°
in the as-extrudedAl-free alloy, which suggested that the strong
basal texture was developed [14]. In addition, as shown in
Table 1, the fraction of the high angle grain boundaries
(HAGBs) in the as-extruded Al-free alloy was 86.4%, whereas
it was 89.3% in the as-extruded Al-containing alloy, indicating
that the number fraction of HAGBs increased obviously after
the trace addition of Al. Also, the variations of the average
misorientation angle as well as the Schmid factors caused by
the trace addition of Al can be found in Table 1. The average
Schmid factors for the (0001) 1120 slip of the as-extruded
Al-free alloy andAl-containing alloy are estimated as ~0.23 and
~0.31, respectively. The higher Schmid factors for basal slip are
suggested to have a great contribution to ductility [15].
The tensile properties of the as-extruded Al-free and
the Al-containing alloys at room temperature are shown
in Table 2. The Al-free alloy displayed a relatively higher
ultimate tensile strength (UTS) and yield tensile strength
(YTS) of about 310 MPa and 155 MPa, respectively. Although
the extruded Al-containing alloy showed a bit lower UTS and
YTS than those of the Al-free one, it had a higher elongation.
The trace addition of 0.5 wt% Al into the Mg-6Zn-0.5Er alloy
led to a favorable increase in elongation from 17 to 25%.
Generally, the improvement of ductility is closely related with
grain size and texture. In the present investigation, the grain
size of the extruded Al-free and Al-containing alloys is
almost the same (see Fig. 1); the remarkable improvement of
elongation due to the trace addition of Al is mainly attributed
to the weaker texture in the (0001) plane, which implies that
the ductility of the alloy is more sensitive to texture rather
than grain size. Moreover, the higher rate of HAGBs makes
grain rotation more easily; and the higher Schmid factors
making the basal slip readily operative in the as-extruded
Al-containing alloy have also contributed to the high
elongation.
4. Conclusions
The present investigation confirmed that the trace addition of
Al into the Mg-6Zn-0.5Er alloy led to a favorable increase in
elongation from 17 to 25%. The modification of basal texture
resulted from the complete DRX activated by the decrease in
SFEs because the trace addition of Al was mainly responsible
for the high ductility. In addition, the existence of the complete
DRX led to an obvious increase in the number fraction of
HAGBs, the average misorientation angle and the average
Schmid factors for the (0001) 1120 slip, which also had
contributions to the improvement of ductility.
Fig. 3. Pole figures of the as-extruded alloys, the A1 standing for the TD, A2
standing for the ED: (a) Mg-6Zn-0.5Er alloy and (b) Mg-6Zn-0.5Er-0.5Al alloy.
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